Twenty-six-week-old laying hens (90 Lohmann Classic Brown) received dietary treatments containing canola and linseed oil at 2% inclusion levels and a control diet for 21 days. The 2% dietary linseed oil, which had higher total polyunsaturated fatty acids (ΣPUFA) and linolenic fatty acid contents, resulted in higher liver malondialdehyde and wider villi than the control group. The 2% canola and linseed oil treatments recorded smaller reproductive organs relative to live weight than the control group. It was concluded that young layers might have an anatomical response to high levels of dietary PUFA, which might improve nutrient absorption and cause a biochemical response, resulting in potentially negative cytotoxic aldehydic lipid peroxidation products. ______________________________________________________________________________________
Introduction
Fats and oils are added to poultry diets as energy sources and as a means of decreasing the dustiness of the feed (Celebi & Macit, 2009 ). Owing to the beneficial effects of n-3 polyunsaturated fatty acids (PUFA) on human health and the ability of laying hens to deposit dietary lipids into the egg yolk, many studies have focused on the enrichment of egg yolk with n-3 PUFA (Celebi & Macit, 2009; Nain et al., 2012) . Animals cannot convert n-6 PUFA (α-linolenic acid) to n-3 PUFA (eicosapentaenoic acid; C20:5n-3 and docosahexaenoic acid; C22:6n-3) or vice versa. These two classes of fatty acids (FA) compete with each other in metabolic processes (Wang et al., 2012) . Exogenous sources of these FAs are essential in providing the body's daily requirement of n-3 PUFA (Molendi-Coste et al., 2011) . Various functional and biological roles of n-3 PUFAs have been reviewed by Ruxton et al. (2005) and Yashodhara et al. (2009) .
The presence of more than two isolated double bonds makes these FAs highly susceptible to oxidation. Lipid autoxidation causes the formation of FA hydroperoxides, which then decompose to a wide variety of isomeric secondary oxidation products, such as monohydroperoxides, cyclic epidioxides and dihydroperoxide (Kamal-Eldin et al., 2003; Fraeye et al., 2012) . Oxidized and degenerated products of FA, when absorbed by living organisms, might have harmful and adverse biological effects (Botsoglou et al., 2012) .
The small intestine's role in nutrient digestion and absorption has been proved, especially the intestinal villi and absorptive epithelial cells. Various researchers have reported the effects of types of diet on the anatomical changes of the gut and alterations of villus shape (Incharoen et al., 2010) . Gut health maintenance consumes 20% of body energy expenditure. Gut health and gut integrity protection are mainly at the centre of nutritionists' attention because any dietary factor that affects the gut health would alter the bird's nutrient uptake, requirements and growth efficiency (Choct, 2009) .
Moreover, it seems that recent studies have focused on enriching the eggs with various levels and sources of n-3, with less emphasis on their effects on the intestinal morphology and on oxidation level of the liver. Hence, the current study aimed at investigating in young layers the effects of short-term dietary supplementation of cold processed vegetable oils that are high in PUFA on their reproductive system weight, intestine morphology, liver malondialdehyde, serum total cholesterol and triglyceride concentrations.
Materials and Methods
Twenty-six-week-old laying hens (90 Lohmann Classic Brown) (n = 90) obtained from a commercial farm, were subjected to three dietary treatments with five replicates and six birds per replicate (3 × 5 × 6 completely randomized design) for 28 days. The birds were vaccinated against the standard avian diseases and kept in individual cages at Hatfield Research Farm, University of Pretoria, South Africa in a naturally ventilated layer house with bird proofing under uniform management and environmental conditions. The first week of the study served as the adaptation period. The treatment period was 21 days from 5 to 26 April 2012, that is, the autumn season.
The diets were formulated to meet the minimum nutrient requirements of Lohmann Classic Brown layer hens based on the National Research Council (NRC, 1994) . All experimental groups received a diet containing 151.9 g CP, 10.84 MJ ME, 39.2 g calcium, 4.9 g available phosphorus, 6.9 g lysine and 6.7 g methionine + cysteine /kg dry matter (DM) during the study. The experimental diets were in mash form and the diets and drinking water were provided ad libitum.
Treatments consisted of T1: control group; T2: 2% dietary canola oil; T3: 2% dietary linseed oil. The FA profiles of the dietary oils and diets were determined. The sample preparation for gas chromatography was according to the method presented by Alonso et al. (2004) and Genet (2004) . The lipid profile was determined by gas chromatography (Shimadzu GC-2010 Plus, High-end Gas Chromatograph). Each FA was identified in the form of a methyl ester by comparing the retention times with the Supelco 37 Component FAME Mix standard acquired at Sigma Interlab A.S. (Interlab South Africa). The FA results are presented in Table 1 .
There was no mortality during the experiment. Eggs from each replicate were collected twice daily, and the number of eggs produced (eggs/hen/day) was recorded throughout the experimental period. Egg (unwashed and unclassified samples) and yolk weight were determined individually in eggs collected over two days at the end of the experiment. To determine egg yolk weight, the egg yolk was separated from the albumen. The yolk was rolled on a damp paper towel to dry the remaining albumen residue. The chalaziferous were carefully removed with forceps before the yolk was weighed (Golzar Adabi et al., 2013) .
At day 21 of the study, two birds were selected randomly from each replicate (total of 10 birds per treatment) and killed by exsanguination. Blood samples were collected in tubes containing heparin, and centrifuged at 3500 rpm for 10 min to obtain the serum for cholesterol and triglyceride analysis (Pars Azmoon Commercial Kits, Tehran, Iran). Live weight, carcass weight, liver weight, abdominal fat weight, reproduction system weight and gut length (from the duodenum to ileocecal junction) were recorded. The whole reproductive system (oviduct, ovary, large and small follicles) was carefully separated and weighed. The oviduct was cautiously separated to avoid damage to follicles. The oviduct was also examined to remove any eggs before weighing. Liver malondialdehyde analysis (mg/kg) was performed using the method described by Pfalzgraf et al. (1995) .
The morphology of intestinal villi was measured on 5 cm segments taken 8 cm proximal to Meckel's diverticulum and preserved with 10% formalin solution. The samples were embedded in paraffin and sliced into 6 μm thick sections, placed on glass slides and stained with Mallory's modified triple staining technique. The slides were examined with a light microscope equipped with a camera (Leica CME, Leica Microsystems Inc., Buffalo, New York, USA). Villus height was measured from the top of the villus to the villus-crypt junction. Crypt depth was defined from the base upwards to the region of transition between the crypt and villus. The results were evaluated with Image J analysis software (http://imagej.nih.gov/ij). Villus surface area was calculated using this formula, namely (2π) × (villus width /2) × (villus length) /10 6 (Culling et al., 1985; Solis de los Santos et al., 2005; Nain et al., 2012) .
The data were analysed with the general linear model procedure of SAS software (SAS, 2001 , SAS Institute, Cary, NC, USA). All percentage data were subjected to arcsin square root transformation (Steel & Torrie, 1960) . When necessary, mean separation was accomplished by applying the Tukey's HSD test. A probability P-value of less than 0.05 was considered significant.
The Animal Ethics Committee, University of Pretoria approved the project, reference EC27-12.
Results
The diets differed in their FA profiles. The control diet (T1) had 32.3% oleic acid, and non-detectable levels of linoleic and linoleic acid. The canola oil diet (T2) contained 43.1% oleic, 34.9% linoleic and 4.9% linoleic acid. The linseed oil diet contained 26.2% oleic, 34.7% linoleic and 22.2% linolenic acid. Owing to the high level of stearic acid and no linoleic or linolenic acid, the control diet had a higher ΣPUFA level (43.2%) compared with the canola oil diet (39.7%) while the linseed oil diet had the highest ΣPUFA level (56.9%). The canola dietary treatment contained the highest ΣMUFA level (43.1%) ( Table 1) .
The dietary treatments had no significant effect (P >0.05) on final live weight, live weight changes over the period, carcass weight, liver weight, abdominal fat weight, gut length, gut length to bodyweight, egg weight, yolk weight, blood total cholesterol and blood triglyceride among treatment birds. However, the canola and linseed oil dietary treatments recorded a low whole reproduction system weight ratio to bodyweight (P <0.05; Table 2 ).
In this study, dietary treatments had no effect (P >0.05; Table 3 ) on villus length, crypt depth, villus surface area, villus length to crypt depth and tunica muscularis thickness. A significant difference was the width of the villus recorded by the linseed oil dietary treatment (227.3 µm; P <0.05; Table 4 ) compared with the control and canola oil dietary treatments (165.0 and 176.2 µm, respectively). 
Discussion
Recently, Ahmad et al. (2012) reviewed the effect of dietary omega-3 fatty acids on performance and egg quality of laying hens. They reported that dietary inclusion of n-3 PUFA in laying hens had no effect on egg production and egg characteristics except for a decrease in whole egg weight and egg yolk weight. They also discussed the mechanism of such reduction in their article. In the current study, dietary canola and linseed oil had no significant effect on laying performance, egg and yolk weight. Grobas et al. (2001) showed that laying hens fed a diet containing 5% or 10% linseed oil during 12 weeks trial period produced eggs with the same yolk weights, egg weight and egg mass as control birds. The same results were reported by Beynen (2004) and Sosin et al. (2006) on the yolk weight, but not the egg weight. They revealed that egg weight decreased significantly (P <0.05) by feeding linseed to the hens. In another study, Silke et al. (2008) showed that dietary soybean oil and/or linseed oil had no effect on egg weight in laying hens.
In the current study, the control birds had the highest relative whole reproduction system weight to final live bodyweight (kg/kg) compared with birds fed a diet containing canola and linseed oil.
It has been reported that dietary n-3 (fish oil) caused a significant decrease in blood oestrogen level (Whitehead et al., 1993) . On the other hand, previous studies showed that treatment of oestradiol regulates oviduct differentiation and function in young laying hens, and enhances oviduct growth by increasing the size, weight and content of the tissue protein, RNA, and DNA in Japanese quails (Schimke et al., 1975; Boogard & Fnnengan, 1976) . Furthermore, there is a positive relationship between oestrogen and prostaglandin F, because Takahashi et al. (2004) observed an increase in prostaglandin F concentration and the specific binding of [ 3 H]E 2 of oestrogen receptor in the uterine tissue of laying hens by injecting estradiol-17β. Moreover, Guo et al. (2004) and Eilati et al. (2013) observed the lowest synthesis of prostaglandin E2 in hens receiving fish oil and flaxseed, respectively. In this sense, it seems that reduction in reproduction system weight in the current study is related to hormonal changes in hens that received n-3 oil via the diet.
In the current study, blood total cholesterol and triglyceride concentrations were not affected by dietary oil inclusion. In contrast with these results, Svedova et al. (2008) observed that serum total cholesterol and HDL-cholesterol concentrations decreased and increased, respectively, in laying hens fed a diet containing 3% linseed oil. However, there are conflicting results, for example, feeding various dietary levels of canola seed and linseed had no significant effect on serum cholesterol (Mirghelenj et al., 2004) , and Ansari et al. (2006) found no significant change in blood cholesterol levels of laying hens by feeding flaxseed (0%, 5%, 10% and 15% of diet). Chapman (1980) and Murata et al. (2003) reported that blood lipid parameters (total cholesterol, HDL-cholesterol, triacylglycerol) were not affected by dietary oil sources (soya, canola, fish and poultry by-product), which this study has also found. Despite the synthesis of egg yolk lipid in the liver and its transportation by blood circulation, no close connection could be identified between plasma cholesterol concentration and egg yolk lipid level (Murata et al., 2003) . Beyer & Jensen (1992) documented that plasma cholesterol shows great variation and concluded that this effect could be because of the synthesis and excretion of cholesterol through the liver and might be associated with the feed intake or the ovulation period of the hen. A possible explanation for the absence of a clear relationship between blood cholesterol and yolk cholesterol might be that the blood cholesterol for the growing oocyte varies rapidly in relation to time. More recently, Liu et al. (2010) reported that hepatic total cholesterol (mg) and cholesterol concentration (mg/g of wet liver) were not affected in hens receiving graded levels of dietary plant sterols, despite minor reductions in egg yolk cholesterol concentration. On the other hand, Van Elswyk et al. (1994) demonstrated that dietary fish oil supplementation at a 3.0% inclusion level resulted in decreased serum cholesterol concentration in hens. In another study, laying hens were fed diets that contained different levels of fish oil and flax seed in which dietary treatments had no (P >0.05) effect on the concentrations of serum triglyceride and high density lipoprotein. However, the serum cholesterol level of hens fed diets containing 1.5% fish + 4.32% or 8.64% flaxseed was lower than the control group (Basmacioglu et al., 2003) .
Liver malondialdehyde is the result of oxidative degradation of polyunsaturated lipids. As noted, the linseed oil dietary treatment had high ΣPUFA level (56.9%) compared with the canola oil ration (39.7%) and linseed oil dietary treatment recorded the highest (P <0.05) liver malondialdehyde (1.64 mg/kg) compared with the control and canola groups (1.22 and 1.43 mg/kg, respectively). Contradictory results have been obtained from other studies that measured liver malondialdehyde levels after feeding with dietary oil. Liu et al. (2011) found no significant difference in malondialdehyde in duck livers between the control and fish oil and soybean oil treatment diets, whereas geese fed diets with different n-6 : n-3 PUFA ratios of 12 : 1, 9 : 1, 6 : 1 and 3 : 1, had decreasing levels of malondialdehyde as the n-6 : n-3 PUFA ratios decreased and were lowest at 3 : 1 and 6 : 1, which occurred across the ages 42, 56, and 70 days of the study (P <0.05) (Wang et al., 2012) . A study on rats with experimental non-alcoholic fatty liver disease, fed dietary fish oil derived n-3 PUFA, resulted in increases in liver malondialdehyde concentrations and severe fatty liver (Hussein et al., 2007) . This study associates the level of liver malondialdehyde with the high ΣPUFA of the linseed oil, which could be deduced to linolenic acid since this FA was markedly higher (Table 1) .
Based on the formula {(2π) × (villus width /2) × (villus length) /10 6 }, longer and wider villi increase the villus surface area, which increases the capability for nutrients to be absorbed. Shorter villi and deeper crypts have been reported in some conditions, such as the presence of toxins and the increase of pathogenic bacteria in the intestinal lumen, which are related to fewer absorptive functions and more secretory cells (Solis de los Santos et al., 2005; Choct, 2009; Nain et al., 2012) .
Ileum morphology findings of this study do not agree with those reported by Nain et al. (2012) on the effect of metabolic efficiency and associated gut characteristics of laying hens on the variability of transfer of dietary n-3 PUFA to the egg in laying hens at 56 weeks old. The source of n-3 PUFA of Nain et al. (2012) was an extruded flax product and fed for 14 days. No significant difference occurred in the average duodenal villus widths for efficient and non-efficient hens. The differences between this study and that of Nain et al. (2012) were the age of the layers and the source of dietary PUFA. It is likely that age is a determining factor and that the young hens are more responsive to dietary influences of this nature. An age effect could have been determined if the trial included a range of ages. This study did not determine nutrient absorption and transit time of digesta as these factors could affect the nutrient availability related to gut morphologic changes (Nain et al., 2012) . If it were conclusively shown that a high level of dietary PUFA stimulates significant advantages in the morphological adaptation of the villus and that young animals are more receptive to the influence of the PUFA, the result could have important consequences for the poultry nutrition industry and the efficiency of production. The linseed oil dietary treatment containing a high level of linolenic and low oleic acids resulted in a potentially negative situation by increasing cytotoxic aldehydic lipid peroxidation products. At the same time, the treatment stimulated the villi of young birds to become wider, thereby presenting a larger surface area for nutrient absorption. In either case, further research is needed to ascertain the risk of PUFA dietary lipids.
